This study evaluated a PCR assay for detection of the streptococcal pyrogenic exotoxin B (speB) gene from tissue biopsy specimens of patients with necrotizing fasciitis. speB was detected in specimens from all 10 patients with necrotizing fasciitis due to group A streptococcus. The assay was negative for all 11 patients without culture or serologic evidence of streptococcal infection. These results suggest that the detection of speB by PCR may be useful for confirming group A streptococcal infection when cultures are negative or not available.
Invasive group A streptococcal infections, including streptococcal toxic shock syndrome and necrotizing fasciitis, are associated with considerable morbidity and mortality despite the use of appropriate antibiotics (2, 3, 7, 9) . The microbial diagnosis of streptococcal necrotizing fasciitis is generally based on the isolation of group A streptococcus from either soft tissue or blood cultures. However, only about 50% of patients with necrotizing fasciitis are found to be bacteremic (9) , and tissue cultures may be negative because empiric antimicrobial therapy is started before specimens for culture are obtained by surgical intervention.
The streptococcal pyrogenic exotoxin B gene is a chromosomally encoded structural gene (speB) associated with pyrogenicity, T-lymphocyte mitogenicity, and the ability to increase susceptibility to endotoxic shock in individuals infected with group A streptococcus (5, 10) . Because of its conserved and stable characteristics and its presence in almost all group A streptococci (6, 8, 10, 14) , the speB gene was chosen as the target for PCR. In this study, we examined the use of PCR for detection of speB directly from tissue samples of patients being investigated for possible group A streptococcal necrotizing fasciitis and compared PCR detection with conventional culture methods.
Necrotizing fasciitis was determined to be present if there was evidence of soft tissue edema and necrosis at surgery and if histopathology demonstrated necrosis of the superficial fascia with fascial edema and a polymorphonuclear infiltrate (9) . Tissue samples and blood cultures were obtained from 10 patients with confirmed group A streptococcal necrotizing fasciitis, from 4 patients with necrotizing fasciitis not due to group A streptococcus, and from 7 patients undergoing elective surgery with resection of fascia or soft tissue but without clinical or surgical evidence of necrotizing fasciitis (Table 1) . Soft tissue samples (tissue biopsy specimens and/or swabs) were cultured on 5% Columbia sheep blood agar (PML Microbiologicals, Mississauga, Ontario, Canada), chocolate agar, and fastidious anaerobe broth (Quelab, Montreal, Quebec, Canada) and incubated at 35°C in an atmosphere of 5% CO 2 for 3 days. Blood cultures were processed by the BacT/Alert blood culture system (Organon Teknika, Durham, N.C.). Group A streptococci were identified by standard laboratory methods (12) . A tissue sample (approximately 100 mg) was obtained from each patient at surgery and was stored at Ϫ70°C in a dry, sterile container until used for PCR testing. Acute-and convalescent-phase patient sera, when available, were tested for patients with necrotizing fasciitis and negative cultures, by a streptococcal anti-DNase B antibody assay (Behring Diagnostics, Westwood, Mass.).
Total genomic DNA was extracted as described by Relman et al. (11) . Briefly, 100 mg of tissue was digested in 5 ml of proteinase K (Boehringer Mannheim, Laval, Quebec, Canada) solution consisting of 500 mM Tris-HCl (pH 9.0), 20 mM EDTA (pH 9.0), 10 mM NaCl, 1% sodium dodecyl sulfate, and 1 mg of proteinase K per ml at 60°C for 48 to 72 h. RNase A (4 g/ml; Sigma Chemicals, St. Louis, Mo.) was added, and the solution was incubated at 25°C for 2 h. DNA was extracted by standard phenol-chloroform extraction and was precipitated and resuspended in 50 l of sterile, distilled, deionized water according to the methods of Sambrook et al (13) . PCR was performed in a 25-l volume, with 1ϫ PCR buffer (PerkinElmer Cetus, Norwalk, Conn.) containing 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.001% gelatin, 200 M (each) deoxynucleoside triphosphates, 2.5 U of Taq polymerase (Gibco-BRL, Burlington, Ontario, Canada), 0.2 M (each) primer (Gibco-BRL), and approximately 25 ng of DNA. Thermocycling conditions in a GeneAmp 9600 thermocycler (Perkin-Elmer Cetus) were as follows: 94°C for 2 min followed by 35 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s for each cycle. The primer sequences used for speB were as previously published (6, 14) (SPEB-1, 5Ј GTC AAC ATG CAG CTA CAG GA 3Ј; SPEB-2, 5Ј AAT ACC AAC ATC AGC CAT CA 3Ј), giving a PCR product of 257 bp. PCR amplicons were visualized on a 2% agarose gel after being stained with ethidium bromide and photographed under UV illumination. After PCR amplification, the 257-bp fragment was cleaned (Geneclean II; Bio 101, Vista, Calif.) and digested with HinfI (New England BioLabs, Mississauga, Ontario, Canada), yielding restriction fragment lengths of 204 and 53 bp, respectively. PCR products were visualized on a 4% agarose gel (Metaphor agarose; FMC BioProducts, Rockland, Maine) after being stained with ethidium bromide and photographed under UV illumination.
Of 14 patients with necrotizing fasciitis, 9 had group A streptococcus isolated from soft tissue (8 patients) and/or blood cultures (5 patients). PCR for speB was positive for tissue samples obtained from all of these patients (Table 1) . One patient (patient 10) with necrotizing fasciitis had negative tissue and blood cultures, possibly due to prior treatment with broad-spectrum antibiotics (ampicillin, clindamycin, and gentamicin). However, a convalescent-phase serum sample was positive for anti-DNase B antibody, as was the PCR assay for speB. Three patients had necrotizing fasciitis due to microorganisms other than group A streptococcus. The PCR assay was negative for all of these patients, including one whose tissue and blood cultures grew group B streptococcus (patient 11). The other patient with necrotizing fasciitis and negative cultures (patient 14) had negative anti-DNase B serology, and the tissue sample was also negative by PCR for speB. All seven patients undergoing elective surgical resection of soft tissue without evidence of necrotizing fasciitis had negative PCR assays for speB.
All speB-positive samples were subjected to restriction endonuclease digestion with HinfI to ensure specificity of the speB PCR and to confirm and validate amplicon integrity. The 257-bp speB fragment has a single HinfI internal restriction site, and the restriction fragment length polymorphism patterns obtained were the same as those predicted from the published nucleotide sequence of speB (14) . Figure 1 shows an agarose gel with representative PCR amplification fragments and restriction fragment length polymorphisms of speB-positive tissue samples.
A variety of pathogenic bacteria have been isolated from patients with necrotizing fasciitis. Approximately 10% of cases are reported to be caused by group A streptococcus (1), although the incidence of streptococcal necrotizing fasciitis and of other forms of invasive group A streptococcal infections has increased in the past few years (2, 3, 7, 9) . However, group A streptococcus may not always be identified, either because tissue samples are not sent for culture or because growth of the organism is inhibited if empiric antimicrobial therapy has been started before surgical samples or blood cultures are obtained. It is important to establish whether the necrotizing fasciitis is due to group A streptococcus for patient management, prophylaxis of close contacts, and epidemiologic investigations. Optimal therapy includes the use of appropriate antimicrobials and may eventually also include immune system modulation (8) . Invasive group A streptococcal infections may be associated with a significantly increased risk of secondary infections in household contacts (3, 4) . Consequently, chemoprophylaxis for close contacts of patients with group A streptococcal necrotizing fasciitis may be recommended (3, 4) . There are also public health and infection control implications that would make a reliable diagnostic test for invasive group A streptococcal infection useful, especially in the setting of a hospital or nursing home outbreak of severe soft tissue infection.
The results of this study indicate that PCR for detection of the speB gene from tissue samples is both sensitive and specific compared to conventional methods for confirming group A streptococcal infection. The PCR assay was positive for all nine patients with culture-confirmed streptococcal necrotizing fasciitis (patients 1 to 9) and was negative for all 11 patients without any evidence of soft tissue infection due to group A streptococcus, including those with necrotizing fasciitis due to other bacteria. speB was detected by PCR for one patient (patient 10) with necrotizing fasciitis whose blood and tissue cultures were negative possibly because broadspectrum antibiotics had already been started; this patient's group A streptococcal infection was confirmed serologically. Although the number of patients evaluated is small, these results indicate that PCR detection of the speB gene in tissue samples of patients with necrotizing fasciitis may be a useful adjunct to conventional culture methods for use in select cases. 
